ABSTRACT ln many processes in tbe the chemical industry mass transfer accompanied with reversible, complex chemical reactions in gas-liquid systems are frequently encountered. In point of view of design purposes it is very important that the absorption rates of the transferred reactants can estimated sufficiently accurate. Moreover, mass transfer phenomena can also affect substantially important process variables like selectivity and yield. Therefore large amounts of research effort -has been invested in describing these processes and in the development of models that can be used for the calculation of the mass iransfer rates and other parameters.
INTRODUCTION
In the process industry many operations involve the transfer of one or more gaseous components to a liquid phase in which a chemical reaction occurs e.g., the removal of acid components from industrial gases by means of alkanolarnine solutions. ln order to be able to design the reactors and/or absorbers for the above mentioned processes among others the absorption rates of the gas phase reactants must be calculated. Unfortunately, the estimation of these absorption rates or molar fluxes is not simple and straightforward Generally, the molar flux for a gas phase reactant A into a liquid in which a homogeneous reaction takes place. can be described according to eq. 
Before solving this set of equations uniquely, one initial condition and two boundary conditions are necessary. As initial condition it is assumed that the system considered is in equilibrium for a given solute loading:
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However, in case of irreversible chemical reactions (K=w) eq.(lO) can only be used for situations where CA,)=0 (or CB,wO
which is identical to physical absorption), because for concentrations of A different from zero the liquid bulk is not at equilibrium and therefore a reaction will occur. In the latter case boundary condition (10) is not valid and a material balance over the liquid bulk must he used instead. Note that the application of eqs. In case the reaction rate can be regarded as instantaneous compared to the mass transfer rate, the boundary condition (11) is no longer valid and the gradients of B, C and D are not necessarily zero to assure non-volatility (Versteeg et a1.,1989). Unfortunately, generally valid solutions for these four non-linear partial differential equations ( 
As the reaction is irreversible the conversion of A which will be transported to the liquid bulk must also be taken into account, in the present derivation it is assumed that no reactant enters the bulk apart from the gas phase and that the amount of reactant in the outlet stream is very negligible compared to the conversion rate. This amount can be inplemented in one of the two boundary conditions required to solve eq. 
EA,film -@A --tanh @A From eq.(lS) it can be concluded that the enhancement factor for mass transfer followed by a first order irreversible reaction for the film model is a function of the Hatta-number. Also for both the penetration and the surface renewal model analytical expressions for EA for fist order irreversible reaction can be derived (Danckwerts. 1970):
The difference between the enhancement factors for these three absorption models is very small. The largest deviations are obtained for qA=l : only 7.6%! For all other processes in which mass transfer is followed by chemical reactions it is not possible to present analytically derived relations for the calculation of the enhancement factor that are valid over wide range of process conditions. As already mentioned above besides numerically derived solutions, an alternative approach is the caiculation of the mass transfer rate, i.e. the enhancement factor, by means of an approximation and/or linearization of the actual absorption process.
.Qproximation
techigyes for rrreversible reactfor& Van Krevelen and Hoftiizer (1948) were the first who presented an approximation method for the description of the __ absorption of A into a reactive liquid: From eq.(24) it can be concluded that besides the Hatta-number, $A, an additional dimensionless group is introduce& the maximum attainable enhancement factor, EA__ The accuracy of this expression obtained by means of approximation is remarkably good, compared with numerical solutions whose deviation is always less than 3% (de Santiago and Farina, 1970). Marek and Schtingut (1979) fitted several algebraic relations to their numerical solution of the film model, however, the major part of these approximated relations lack any physical meaning.
Kl
From eq. (25) it can be concluded that some resistance against mass transfer in the gas phase will affect the value of the enhancement factor because owing to this resistance CA,Li will be reduced. The use of eq.(l la) instead of CA,L=CA,Li at x=0 is convenient in view of the applicability of the model for absorber calculations especially for those cases where a part of the resistance against mass transfer is situated in the gas phase. In Fig. 2 and 3 Kl and the reaction rate is instantaneous compared to the mass transfer rate. For high values of K(=k&_,,_l) this situation is identical to absorption followed by an instantaneous irreversible reaction with respect to mass transfer and the enhancement factor, BA, can be calculated with eq. (25). The enhancement factor increases with the equilibrium 1 wo constant because the reverse reaction rate constant decreases and therefore the effect of the reverse reaction. However, for 'a extremely high solute loadings the bulk concentration of B further decreases with increasing equilibrium constant and, although the effect of the reverse reaction can be neglected, the enhancement factor shows a maximum and decreases until the equilibrium composition of the liquid remains constant and then the enhancement factor can be calculated with eq. (25). In Fig. 2 two regimes are shown, the dashed area represents the conditions where desorption prevails and the area above the absorption regime. At the boundary of , the two areas no net mass transfer occurs. In Fig. 3 In Fig. 3 can be seen that the reversibility also has a pronounced effect on the enhancement factor for reactions with fiite reaction rate constants. It should be noted that the deviation from the line EA=+A, indicating that diffusion limitation of component B occurs, is starting at lower Hatta-numbers with decreasing equilibrium constant.
This group of processes can be divided into tow groups; simultaneous absorption of two gases reacting with each other in the liquid phase and simultaneous absorption of two gases into a liquid which contains one (or more) reactants. Ramanchandran and Sharma (197 1) presented an extensive review on these processes. studied absorption processes for some typical reactions like fast-and second-1 order parallel reaction and one reaction proceediig via two routes to different products. Versteeg et al. (1990) developed a numerical absoqnion model for absorption processes accompanied with multiple reversible reactions. Optional in this model were interactions between the liquid phase reactants and products.
Simultaneous gbsprDtion aid reaction qf two P-
For a system consisting of two parallel reactions with a moderate and a low value of the equilibrium constant respectively it will be demoseated that only numerically solved absorption models can be used for obtaining accurate information on the absorption process. The reactions have identical reaction equations:
A ( Table 1 . In Table 2 the outcome of the calculations for the enhancement factor is presented together with the enhancement factor which would be attained if the simulations were performed for the individual systems. The first reaction (58) is instantaneous with respect to mass transfer and the second reaction (59) can be regarded as a pseudo first-order reaction. Contrary to the situation for irreversible reactions the enhancement factor for reversible multiple reactions can be substantially higher as can be seen in Table 2 . This striking effect can be explained if the concentration profiles of the reactants and products of the multiple system is compared with those of the single systems, see In point of view of the results of the experimental validation it can be concluded that for accuracy reasons further refinements are not necessary. Glasscock and Rochelle (1989) implemented the Nernst-Planck equations for diffusion and reaction in ionic systems in order to assure overall electroneutrality in the liquid phase. Littel et al. (1991) studied systematically the influence of ionic species on the absorption rates. From the simulation results they concluded that, compared to the absorption models in which electroneutrality was assured by means of equal diffusivities of the ionic species, the deviation was negligible for practical process conditions. Therefore it seems not necessary from point of view of accuracy to refine the description of the absorption processes by means of e.g., multi-component diffusion (e.g., Dclancey, 1974 and Vanni and Baldi, 1991).
Only to the aspect of absorption processes with large exothennic effects little attention has been paid to. Recently, Bhattacharya et al. (1987, 1988a .b) presented some studies on gas absorption with exothermic effects. With the increasing popularity of the reactive (kinetic) distillation processes this phenomenon may turn out to be of some Importance in the near future.
Therefore it must be concluded that the attention should be paid to the aqcuisition of the physico-chernical parameters and to the description of inter-facial turbulence effects (e.g., Marsngoni). The latter aspect possibly may be implemented in the mass transfer models by means of e.g., eddy diifusivity (King, 1966).
4.
CONCLUSIONS. Because of the rapid development of the computational speed and capacity of the computers in combmation with the availability of sophisticated mathematical software packages. no longer any limitation exists on rigoursly numerically solving of dedicated and detailed absorption models for very complex absorption process. Therefore it must be concluded that it is of very little practical and industrial importance to dcvclop approximate solutions and methods for these processes. The only application could be for educational purposes.
Finally it must be emphasized that the applicability and the reliability of absorption models is completely determined by the availability of the physico-chemical data that are required as input parameters. Therefore it must be concluded that tfhe study and description of absorption processes, the determination of kinetic, thermodynamic, hydrodynamic and physical constants still is very important research item 
